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VLE/LF Reflectivity of the Polar lonosphere
4 January — 3 July 1976

I. INTRODUCTION

This report-provides-a summary -of high-latitudée-ionospheric-réflsctivity,. as
observed;by the USAF's high resolution VLF/LF jonosounder operatirg in northern
Greehland.’l' 2 As shown in Figure 1, the transmitter is located at Thule Air Base
Greénland (76° 33'N. Lat., 68° 40'W, ‘Long.), and the receiving-site is 106 km

rovth &t the Danish Meteorological Institute's: lonéspheric Observatory in Qanitg,

‘Greenland (77° 24'N,.-Lat., 8%° 20'W., L¢ng., Geomagnetic Lat.. 89° 06' N;).. The

ionosounding transmissions .consist of a series ol‘«"extnemcly sliort (approximately
100 psec) VLI pulses, precisely controlled in-time, and radiated from a 139 meter
vertical antenna. At the receiving site, orthogonal loop antennas are used to sepa-
rate the two pelarization components of the ionospherically reflected skywave signal,
One antenna,. « “ientad in the plone of propagation, .is-used to sense-the groundwave
and.the "parall. " component of the downcoming skywave., The second loop, nulled.
on the groundwav«  senses the "pévpendicular" skywave component, I'he signal
from each of the wutennas is-digitally averaged to improve the signal-to-noise ratio

(Received:for publication 15 February 1977)
1. Lewis, E,A,., Rasmussen, J.E,, and Kossey, P, A, (1973) Measurements of
ionospheric reflectivity fr wn 6 to 35 kiiz, .J. Geophys, Res.., 18:19.

2, Kossey, P.A., Rasmussen, J.E., and Lewis, E, A, {1074) VLE baglsc iono-
sounder measurements of-the reflection properties of .the lower ionosphere,
Akademie Verlag, COSPAR, July,
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Figure 1. Geometry of the Propagation Path

of the individudl received waverorns before they are recorded on magnelic tape,

S e A

An example of the observed wavelorms is given-in Figure 2, where the paraliel

an

waveform (Figure 2a) consistas of {1).a grouidwave propagated.pulse, {2) a quict
interval containing low level, off path groundwave reflections, followed by -(3)-the
first-hop skywave signal. The perpendiculir waveform is shown in Figure 2b,
Ionosoheric reflection para neters are derived by computer (AFGL's CDC 6500)
pracessing of the ground.and ionospherically reflected waveforms witli allowance

»

A -

made (or factors such as ground «onsductivity (see Scetion 4) and antenna patterns.
Although the data are recoracd-about once per-minute, for this report the wave-

forms are averaged mto 2<hr time blucks awd the resulting information is presented -
in a weekly format (Figures 3 through 28) as deseribed below,
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"parallel" waveform'sensed by.the loop antenna oriented in the plane of-propagation
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RELATIVE AMPLITUDE

, b. "Perpendicular"- waveform sensed by-the loop antenna oriented : perpendicular to f

¥R the plane of propagation ;

- - — T T T T T '
0 100 200 ‘300 400 500.

TIME = MICROSECONDS.

! L
f; i Figure 2, Example of the Observed Waveforms 3
- 1
H 2 OBSERVED WAVEFORMS . ;3
e 3
,4 21 Weekly Exaniple of Individual Wavefoinis §
g In-Part A -of Figures 3 through 28 a set of averaged parallel and-perpendicular ’f’;
E' waveforms is presented.for the time-block centered near local-noon of'the indicated f
*i day, lach of these waveforms is-comprised of 256 digitally-averaged points space. 2
f l 2 psec apart. -In Part B of the figures, 'the groundwave Fourier amplitudes are :
2 shown as a lunction.of frequency. Althoysh the data presented in Parts C through ':
,}é‘( L of the figures are generally limited-to frequencies in the first, or principal, 5
‘k.' lobe of the spectrum, information at higher frequencies can he uséd when sufficient
? signal-to-noisc « onditions exist. There is, however, a [requency range-around ‘4
f‘ each spectral null where insufficient signal exists for measurements. ’ f
}}T | E
f‘ 2.2 FoeeDimensional Wavelonn Presentation §
A three-dimensional display. of the recorded || waveforms covering cach week- ;’
Iv period is shown in Part KR of cach figure and the corresponding 1 waveforms are
. shown in Part S. For these plots the data has been averaged into 15-min time :
Ry 2 ¢ blocks. %
;,i‘ The ‘Polar Cap Absorption cvent of DAY 121 causcd the-skywave reflection to ’3}
3 ] advance approximately 110 jisec, moving it into the-time period occupied.by the 3‘5
. ’ apparent off-path groundwave refiéctions. Because of-the stability of these ground- j
g

e ot ad s+

LA

. B iy, g A N D IO GO V- g - ~;‘1—>o - e -
DT XV IR S A et ¥ Ve o e BNZ 0

3 : .o L
R g R e R

. g e




T = one T Cak — f At v v ey

§ < B e e o St S stk e e

o

Lriciis
n

PR

"y
s ¥
+ 7
o
A

wave reflections, they can be removed by computer processing so as not.to inter-
fere with the-skywave signals, This has been done in Parts R and S f. FFigures 19
and 20 in the portion of the waveforms between 140 and 280 pu sce.

3. REFLECTION HEICHTS

'The group mirror height (GMI) of-reflection was obtained by determining the
group delay of the skywave relative to the groundwave and attribut.ng this time
difference, by simple geometry (assuming a sharply bounded-mirror-<like jonos-

N v

T N T T T T YT

o phere), to a difference in-propagation.distance, As discussed in Lewis et al, 1 the

i ' group delay can be defined as the rate of change of phase with frequency. For the 3
& GMH data presented‘in this report, a finite frequency difference of 1.0 klz was 5
;‘J used, and the corresponding phase difference as a function of frequency: for-the ;
»}} groundwave and both,skywz-lvc signals was obtained by FFourier analysis of the §
‘ ) respectwc pulses. "The GMH calculations took into account ground conductivity 3
:f § (107" mholmctm' is assumed), and the corrections of Wait and Uowe; were applied,

" - -Group mirror heights.are:plotted-as a:function of-frequency in Parts C and D 3
E{I of Figures 3.through 28, as obtained from the parallel and perpendicular wave- “’f
;{;’ forms, respectively. The GMH's are also presented.as a function of time-of -lday i
;g»:"f’ for the average frequency of .16, 5 kliz in figure Parts E.and.l. The parallel GMIl's A
2{2.’{ ?n Part L arf: shown aleng with an average reflection height for reference purposes. g
"‘ Each point-of the reference height is-a weekly average, by timeblock, for the 7 -day ;
? (t period indicated. The corresponding perpendicular GAI's, Part I of the figures, %‘
jl are also shown with the weekly average for comparison. Parl G gives the average, j
;f i by time block,.-for the daily parallel GMH data of Part E, and Part K gives the i
;f H corresponding peroendicular GMII averages from the daily data of Part I, i
A N
:{: 4. REFLECTION COEFFICIENTS %
13 g
19 Assuming that the ionosphere acts as a "mirror" at the G, plane wave k
3"’1 reflection vocfl'it'iems'; were obtained by comparing the ratio of the skywave Fourier j
f} amplitude at a specific frogquency to that of the groundwave, taking into account the :«j
§§ antenna patterns, wave spreading, earth curvature, ground condurtivity, path :i
£ lengths, and antenna patterns including ground image effets, j

i 3. Wait, J.R. and Howe, IL'H, (1956) Amplitude and Phase Curves fnr Ground-
Wave Propagation in the Band 2007Cvelés per second 70 o000 RiIDoyeles,
Nat, Bur. Stand., 1.5, Cire,, p, (4,

, 4. Budden, K, G. (1961) Radio Waves in !he lonosphere, p. 85, Canbridpe
£ 30 U'niversity Press, [ondon:
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The reflection coefficient “,l{" was obtained from analysis_of the parallel
skywave component and is plotted as a-function of frequency in Part C of Figures
3 through 28. The yj Ry coefficient for 16 kilz is plotted as a function of time=~of-
day in Part I along 'with the average of the-indicated week for-veference purposes.
From the perpendicular.skywave pulse, the-coefficient i “.L was obtained and.
appears-as a function .of frequency in Part ). The 16°klz »JJ‘R .L is shown along
with its reference in Part J; Parts 'l and I, present the average,. by time bloek,
of the daily Ry and I R n data presented in Parts I and J, respectively.

For certain-coefficient data points, plotted as asterisks (*¥), the reflection
coefficient appears without-a corresponding GMH. For these particular data, only
the skywave-groundwave ratios could he.obtained as the skywaves were too weak
to provide reliable group delay information. The reflection coefficients were there--
fore estimated using a nominal GMH of 80 km in the calculations; ‘These estimated’
coefficient-values are included in the averages presented in Parts H and L., but the
assumed heights are not used in.the GAH averages shown in Parts Gand K.

3. SUPPLEMENTARY INFORMATION

For purposes of comparison and interpretation, certain supplementary data
are presented. Figure Parts. M and N. give the received VLI phase and amplitude
from-the 18,6 kHz station NLK ‘(transmitter location: Jim Creek, Washington), as
obsérved at Thule AB:over a 3900-km propagation path. Part O of the figures shows

‘the magnitude of the horizontal component of the polar magnetic field observed with

a.three-axis Tluxgate magnetometer, and Part P.presents 30-MHz riometer data,
an indicator of -D-region particle precipitation. These supplementary data were
recorded at 30-sec intervals.by AFGL's Geopole Obseryatory at Thule AB, the
curves represent the average of 10-min periods. The Geopole Observatory was
closed by AFGL ‘in June 1076; however,. the ‘operation of the VLF/LF receivers,
riometers, and magnetometers has beenassumed by RADC/ETEE,. The solar zenith
-angle is given in Part Q of Figures.3 through 28 for the indicated mid-week date,

6.  ADDITIONAL COMMENTS

It is noted that during the period covered by-this report the effects of three
polar ionospheric disturbances can be seen in the data. The first occurred at about
0230 UT on DAY .23 (23 January), At this time the 30 MHz-riometer shows a spike
of absorption which generally indicates the passage of an intense polar anroral sub-
storm. At approximately the same time the VLF/LF reflectivity data shows.a
rapid lowering of the reflection height which recovers within about two hours.
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The effects of a second disturbance can-be seen.in the ionosounder data for the
period DAY 86 - 91 (26 Narch = 1.April), The magnetometer records indicate
that there was strong magnetic activity during-this period, The third disturbance
was a moderate energetic-particle event which resuited in a:peak of about 3 dB
absorption on' the 30 MHz riometer during DAY 121 (30 April), The VLF/LF
ionospheric-reflectivity-data again.ShOWS:a«-rapidtloWeringnor the .reflection.height;

howevi ; in this case it does not.return to the normal diurnal pattern for ahout

o si% ddvs. )

; et . . .. 5,6,7,8,9 . .
I*his report is one of a series, Comments -and suggestions for im-

proving its usefulness should be addressed to the VLF/ULF Techniques Branch

(ETEE), Eléctroiagnetic Sciefices Division, Deputy for Electronic Technology

(RADC/ETEE) Hanscom AFB, Massachusetts 01731
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Figure 12, VLF/LF Refléctivity Data for the Polar:lonosphére, DAY 67 (7 Mar) ~
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Figure 13, VLF/LF Reflectivity Data for the Polar lonosphere, DAY 74 (14 Mar) ~
DAY 80 (20 Mar) 1976 (Cont) Part R. || Waveform Display
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Figure 20, VLF/LF Reflectivity Data for the Po'ar lonosphere, DAY 123 (2 May) ~
DAY 129 (8 May) 1978 (Cont) Part R, |l Waveform Display
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Figure 22, VLF/LF Reflectivity Data for the Polar lonosphere, DAY 137 (16 May) -
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Figure 23. VLF/LF Reflectivity Data for the Polar lonosphere, DAY 144 (23 May) ~
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Figure 26, VLF/LF Reflectivity Data for the Polar Ionosphere, DAY 185 (13 Jun) ~ :
DAY 171 (19 Jun) 1976 (Cont) Part R. || Waveform Display
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Figure 26, VLF/LF Reflectivity Data for the Polar lonosphere, DAY 179 (27 Jun) ~

DAY 185 (3 Jul) 13768 (Cont) Part R,
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MISSION
of

Rome Awr Development Center

RADC plans and conducts researci:, exploratory and advanced
development programs in command. control, and communications
(c3) activities, and in the C3 areas of information sciences
and intelligence. The principal technical mission areas
are communications, electromagnetic guidance and control,
surveillance of ground and aerospace objects, intelligence 0
data collection and handling, information -.ystem technology, gg

lonospheric propagation, solid state scicnces, microwave
physics and electronic reliability, maintainabilitu and
compatibility.
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